To examine validity of the International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) codes in discharge data for identifying infants with cardiac defects according to surveillance guidelines.
INTRODUCTION
In 2001, the Minnesota Department of Health (MDH) joined with Hennepin County Medical Center (HCMC), a large urban medical center affiliated to the University of Minnesota, to conduct a pilot study to determine how best to identify children with major birth defects. Medical diagnosis of birth defects can be assessed using various sources of information, including birth certificates, hospital discharge data, physician reporting, or medical records. These data sources vary in terms of availability and accuracy. 1, 2 The only birth defect data gathered in Minnesota in 2001 were obtained from birth certificates. However, many birth defects are not completely characterized and diagnosed in the first few days of life and thus, are unlikely to be recorded on the birth certificate. Studies evaluating the validity of birth defect data from birth certificates have pointed out the limitations of using these records as data sources for analytical studies and surveillance activities. [3] [4] [5] [6] [7] [8] The International Classification of Diseases, 9th Edition, Clinical Modification (''ICD-9-CM codes'') used in hospital discharge data has also been used as a means for gathering epidemiological data on many health conditions, with mixed results. Generally, trained medical coders assign ICD-9-CM codes in the discharge data, which are used primarily for billing. Studies have evaluated the validity of ICD-9-CM codes from hospital discharge data for identifying birth defects, including congenital heart disease, 6 cerebrovascular malformations, 9 congenital spinal disorders, 10 and fetal alcohol syndrome (FAS). 11 Some studies suggest that discharge data are a better source than birth certificates for identifying cardiac anomalies. 6, 7 MDH hypothesized that the ICD-9-CM codes used in hospital discharge data would identify most infants with birth defects, including infants not identified by their birth certificates. As cardiac defects are one of the most common types of birth defects, 12 MDH chose to use these defects to model the validity of ICD-9-CM codes from hospital discharge data for birth defect surveillance. Additionally, MDH wanted to determine if the ICD-9-CM codes themselves were accurate according to the case definitions for cardiac defects used for birth defects surveillance nationally, 13 or if each diagnosis would require validation through medical record review by trained medical professionals.
MATERIALS AND METHODS
All children born in 2001 at HCMC according to hospital records were eligible for inclusion in the study. Hospital personnel generated a list of children whose discharge data contained one of the ICD-9-CM codes for 43 of the 45 major, nationally reported birth defects defined by the National Birth Defects Prevention Newtork (NBDPN). 13 This group of 43 defects included central nervous system anomalies (e.g. neural tube defects), eye and ear defects, cardiac defects, orofacial malformations (e.g. cleft lip and/ or palate), genitourinary defects, musculoskeletal defects, and chromosomal anomalies (e.g. trisomies 13, 18, 21) . Two of the nationally reported birth defects, FAS and amniotic bands, were excluded because FAS is most commonly diagnosed later than the study period allowed, and amniotic bands do not have an ICD-9-CM code.
To identify any cases missed by ICD-9-CM codes in discharge data, a broader search using the hospital's electronic medical records was conducted. A hospital research assistant reviewed the electronic medical record for every child born at HCMC in 2001 and flagged those that might contain birth defects.
MDH birth defects staff abstracted the medical records for each child identified by either the ICD-9-CM codes from discharge data or the review of electronic medical records. Two of the authors, a neonatologist (RL) and a medical geneticist (NM), reviewed each abstract and medical record to establish the final diagnosis.
To assess the validity of ICD-9-CM codes from discharge data, the sensitivity, specificity, and predictive value positive were calculated using the review of the electronic medical records and confirmation with the paper medical record, ''active case ascertainment,'' as the standard. Sensitivity was defined as the proportion of infants with any of the 43 major birth defects who were identified by one of the ICD-9-CM codes in the discharge data. Specificity was defined as the proportion of infants without a major birth defect who were correctly identified as not having any major birth defect according to ICD-9-CM codes in discharge data. In this portion of the study, the ICD-9-CM codes were used as a method for ascertaining cases, that is, a marker for a child with any of the 43 major birth defects, not as the diagnosis of each specific birth defect.
Validity of ICD-9-CM codes was calculated for the entire group of 43 birth defects and also for the subset of cardiac defects. Then, the accuracy of the individual ICD-9-CM codes for cardiac defects was determined by comparing the specific cardiac defect codes listed in the discharge data with the diagnosis determined by the medical geneticist (NM) and neonatologist (RL) using the case definitions for birth defect surveillance established by the Centers for Disease Control (CDC) in Atlanta, Georgia, 14 and the NBDPN. 13 The Institutional Review Boards of the MDH and HCMC approved this study.
RESULTS

Validity for 43 Major Birth Defects
In 2001, 2702 children were born at HCMC. Of these children, 114 were identified by ICD-9-CM code(s) for a major birth defect in the discharge data. The complete medical records for five children were unavailable and these children were not included in the study. Birth defects staff abstracted the medical records for 109 (95.6%) potential cases. Based on physician review of the abstract and the entire medical record, 59 of the remaining 2697 infants met the case definition of at least one of the major birth defects. Active case ascertainment using electronic medical records and physician review identified 15 additional infants with major birth defects. Results are displayed in Table 1 .
Validity for Cardiac Defects
In all, 66 infants born at HCMC in 2001 were identified by ICD-9-CM codes for the major cardiac defects in hospital discharge data. After physician review of the medical records, only 24 of these infants were found to have a confirmed cardiac defect according to birth defect surveillance case definitions. Active case ascertainment using electronic medical records identified four additional infants with major cardiac defects, resulting in a total of 28 infants with cardiac defects. Results are displayed in Table 2 . Frohnert et al.
Validity of Cardiac Defects in Discharge Data
Accuracy of Individual ICD-9-CM Codes in Discharge Data Table 3 lists the 85 cardiac defects identified by ICD-9-CM codes in discharge data; only 35 (41.2%) of the cardiac defects coded were confirmed. The accuracy of the individual ICD-9-CM codes is listed in the third column. There were nine cardiac defects identified by physician review of the complete medical record that had not received codes in the discharge data. Four of these new cardiac defects were identified among infants who had been identified by an ICD-9-CM code for an additional cardiac defect. The other five cardiac defects were identified through active surveillance, not by any ICD-9-CM code for a cardiac defect in the discharge data. Total numbers of cardiac defects at HCMC in 2001 are listed in the final column. The 50 codes (58.8%) for cardiac anomalies were ruled out for one of the following reasons: case definition excluded infants born prematurely, lack of confirmatory test, diagnosis ruled out, or miscoding. Table 4 lists the reasons by type of defect.
Comparison of ICD-9-CM Codes with Birth Defect Data on Birth Certificates
By matching demographic data from the medical record with birth certificates, project staff identified the birth certificates for 100 (91.7%) of the 109 infants identified by ICD-9-CM codes in the discharge data whose medical record was available (data not shown). Of the 100 matched records, 15 infants had a birth defect *Accuracy: # ICD-9-CM codes confirmed by physician review of medical record/# ICD-9-CM codes in discharge data.
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indicated on both their birth certificate and in the discharge data. Of these infants, 14 were confirmed as having one of the 43 major birth defects. Birth certificates did not indicate a birth defect for 38 infants with confirmed birth defects identified by ICD-9 codes in the discharge data, including several obvious birth defects more likely to be diagnosed at birth.
SIGNIFICANCE
As birth defect surveillance in Minnesota feeds into referral programs to limit secondary conditions and prevent recurrence in future children, surveillance must be able to accurately identify infants with birth defects as soon as possible after diagnosis. It is important that the state's limited resources be spent contacting families whose children actually have a major birth defect, and that all families with an infant with a major birth defect are contacted to receive referrals. In order to achieve this, surveillance must limit false positives while maximizing sensitivity. The pilot showed that ICD-9-CM codes from discharge data did identify most infants with any of the 43 major birth defects (79.7%), and any of the cardiac defects (85.6%). These results show that discharge data are a valuable source for case ascertainment. However, around 15 to 20% of cases were not identified by the discharge data, indicating that this source is insufficient for birth defect surveillance and referral programs. Additional data sources are needed to increase the sensitivity of the overall system.
As shown by the predictive value positive, major birth defects were ruled out for 45.9% of the infants identified by ICD-9-CM codes; 63.6% of the infants identified by ICD-9-CM codes for cardiac defects did not meet the case definitions used for birth defect surveillance. Although the predictive value positive is generally lower for conditions with low prevalence such as these birth defects, it was lower than anticipated in this study, especially for cardiac defects. In the future, the predictive value positive may be increased by excluding any potential cases identified by ICD-9-CM codes for cardiac defects if the infant also has an ICD-9-CM code for prematurity.
We found 38 infants with birth defects identified by ICD-9-CM codes would not have been identified by birth certificates, showing that, in this pilot study, discharge data were an improvement over birth certificates as a means for finding infants with birth defects. A limitation in our findings is that only a select group of birth certificates for infants born at HCMC in 2001 were reviewed. Although later diagnosis could account for some of the missed cases on birth certificates, several obvious, early-identified birth defects were missed. For example, three cases of cleft lip/palate were not recorded on the birth certificates. As expected, cardiac defects were not well identified on the birth certificates; the specific category for cardiac defects on the birth certificate was not selected for any child found to have a cardiac defect, but three children did have a more general birth defect category selected on their birth certificate. A Wisconsin study from 2003 by Cronk et al. 6 had slightly better results, identifying 9.1% of congenital heart disease from birth certificates.
The ICD-9-CM codes for cardiac defects from the discharge data were not highly accurate. Only 41% of codes matched the diagnoses made by physicians who reviewed the complete medical record. These results were better than those found by Cronk et al. 6 who found that 92.1% of the diagnosis codes from the birth discharge data and 47.6% of the codes from the postnatal discharge data did not match the actual diagnosis as determined by abstraction of the medical record. At HCMC, the reasons for incorrect codes were similar to those found in a 1995 study by Callif-Daley et al. 15 that evaluated false positives between 1984 and 1987 in two discharge data sets used by the Birth Defects Monitoring Program (BDMP) run by the CDC. Callif-Daley et al. 15 found that false positives were Frohnert et al.
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frequently due to the assignment of the wrong code for a validated birth defect or contradictory information in the medical record. In addition to incorrect coding, medical record review at HCMC identified an additional nine diagnoses that had not been coded, about 20% of the confirmed cardiac defect diagnoses. Many birth defects are complex and often require levels of medical expertise beyond those of a typical medical coder. The low accuracy of the ICD-9-CM codes and the missed diagnoses of cardiac defects support using additional sources for case ascertainment, and case validation by qualified professionals with sophisticated medical training.
The accuracy of ICD-9-CM codes for more common cardiac defects, ventricular septal defect (84.2% accurate), atrial septal defect (50% accurate), and patent ductus arteriosus (21.7% accurate), reveals some important differences between coding practices and the case definitions used for birth defect surveillance nationally. Atrial septal defect and patent ductus arteriosus have unique case definitions specific to surveillance that exclude most infants born at less than 36 weeks gestation. Consequently, accuracy of the codes was low because medical coders did not use the same definition and coded all cardiac conditions regardless of gestational age. If the diagnoses of atrial septal defect and patent ductus arteriosus ruled out due to prematurity were removed from the analysis, accuracy rates would increase to 77.8 and 35.7%, respectively.
This pilot study has several limitations. Infants with major birth defects diagnosed after 1 year of age would not be included in the study. Children born at HCMC but diagnosed at another hospital or outpatient clinic may also not have been captured by our study. The Wisconsin study by Cronk et al. 6 provides some idea of the potential magnitude of this issue; in their study, only 27% of cardiac defects were identified in the birth discharge data and almost half of all cardiac anomalies were identified in subsequent, postnatal discharge data. HCMC has a follow-up pediatric cardiology clinic on-site that captures the majority of the follow-up coming from the newborn patient population from HCMC. As case ascertainment incorporated the entire medical record for each child born at HCMC in 2001, it included any postnatal discharge and pediatric cardiology follow-up and would have captured cases diagnosed at later clinic visits. However, there are several other medical centers in the region that treat infants with birth defects; it is possible that our data slightly underestimate the number of birth defects, including cardiac defects, in this sample because they were diagnosed and/or received follow-up treatment at other facilities.
The generalizability of the study results regarding accuracy of ICD-9-CM codes obtained from discharge data is limited by the single location for data collection. HCMC was an ideal location to pilot birth defect surveillance due to its large number of annual births and the expertise of its staff. However, HCMC is a large, urban, public hospital with a large share of indigent care and it may not be representative of other birth hospitals in the area in terms of the services it provides and the population it serves. In addition, hospitals may have their own guidelines for coding certain conditions. As many of the birth defects included in the pilot are very rare, a single facility may see only a few cases of a defect in a year and these low numbers lead to volatile results. For example, accuracy for ICD-9-CM codes for cardiac defects ranged from 0 to 100%, but the extreme values were based on only a few cases.
Our study indicated that more labor intensive, active caseascertainment techniques are needed to capture all cases of major birth defects diagnosed within the first year of life. Multiple data sources are necessary because neither the ICD-9-CM codes from discharge data nor birth certificate data alone completely ascertained infants with major birth defects. In addition, the high number of false positives derived from using the ICD-9-CM codes demonstrated the need for physician confirmation of complicated defects based on a review of the entire medical record. As resources for birth defect surveillance are limited, additional efforts must be made to refine the process to identify as many cases as possible while limiting false positives in order to ensure that families with infants with birth defects are able to receive appropriate services in a timely manner.
